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(54) TITLE OF THE' INVENTION 

A METHOD OF. FABRICATING SEMICONDUCTOR AND SEMICONDUCTOR DEVICE 



(57) [ABSTRACT] (Corrected) . 

[PURPOSE] A method, of shorteniiig crystallization time by lowering: 
crystallization temperature of amorp.hous . silicon, and a method of 
fabricating a thin film transistor by utilizing above mentioned 
method are provided. 

[STRUCTURE] After .depositing a base insulating film (ex. . silicon 
oxide film 22) , plasma treatment is' employed by exposing the, base 
insulating film to a plasma. Then, an amorphous silicon film 22 is 
deposited, and crystallized at 450-600=C. Moreover, the nucleation 
sites are controlled by selectively exposing the amorphous silicon 
film to a plasma atmosphere. By the above method, a portion 26 
having good crystallinity is formed at will and a thin film 
transistor is fabricated by utilizing the portion. 
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[NAME OF DOCUMENT! .Specification 

[TITLE OF THE INVENTION] A METHOD OF FABRICATING SEMICONDUCTOR AND 

FABRICATING SEMICONDUCTOR DEVICE 

; [CLAIMS] , ■ 

[CLAIM 1] A process, for,, fabricating a semiconductor comprising 

the 'Steps "of : ' 

; forming an insulator coating on a stii3strate; 

exposing said insulator coating to a .plasma, • 
. forming an. amorphous silicon film on said insulator coating . 
.after saidv exposing : step; -'and . - :.. 

crystallizing, "said silicon film by processing said silicon .. 
film in the temperature range of from. 400 to 600'C. 

^ [CLAIM 2]. The process for fabricating, a semiconductor of claim 1 . 
wherein the substrate is heated in a temperature range of from 100 
to SOO'C during said exposing step. 

[CLAIM 3] The process for fabricating a semiconductor of claim ,! 
wherein the. plasma^tilized comprises .10% by volume or more of at 
Hist one selected from the group consisting of nitrogen, oxygen, 
neon, krypton, and sorgon. 

[CLAIM .4] The process of claim 1 wherein said substrate , is not 
exposed to air between said step of exposing an ..insulator coating .to 
a plasma and said step of forming an amorphous .silicon film, on said 
insulator coating.' 

[ClAIM 51. The process of ' claim 1. wherein said step, of exposing, an 
insulator, coating on a sub.strate to a plasma is carried out in a 
space provided therein an electrode made of a material ..containing_at.., 
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least one element selected from a group consisting of . nickel, iron, 
cobalt, and platinum. 

[CLAIM 6] A process for fabricating a semiconductoir comprising, 

the steps of: 

forming an insulator coating on a substrate; 
. selectively coating said " insulator ■ coating with a masking 

;material;V ' 

exposing -said substrate to a plasma ; 

forming an, amorphous silicon film on. said insulator coating 

after said exposing step; • ■ •., 

■ crystallizing .said silicon ;film "hyj processing ; in the. 

temperature range of from 400 to 600-C; . and . 
' selectively etching said silicon film.. 

[CLAIM 7] A process for fabricating a thin film transistor 

comprising the steps of: 

forming an insulator coating on a substrate; 

selectively coating said insulator coating with a masking 
material;, 

exposing said substr ate t o .a^.plasma; 

forming an amorphous silicon; film on said insulator coating 

after said exposing step; 

processing said, silicon :^£Mra in the: temperature' range of 

. from 400 to eOO'C; . 

selectively etching said silicon film; .and 

establishing a' channel forming , region of the thin film 
transistor out. :of . the portion previously coated with the masking 
. mclterial. 

[DETAILED DESCRIPTION OF THE INVENTION] , 



[0001] 



[FIELD FOR INDUSTRIAL USE] 



• The present:, invention: relate, to a process for fabricating a 
crystalline semiconductor for use in thin filM/devices such as thin- 
filn. insulated-gate : field-effect transistors^ (hereinafter referred, 
to- siinply as -thin film transistors", or "TFTsT).^ 
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[PRIOR ART] 



Thin fitos of crystalline silicon semiconductor for ase in thxn 
film devices such as thin-film insulated-gate field-effect 
transistors (TFTs) Icnown heretofore have been fabricated by 
crystallizing an amorphous silicon film formed through plasma CVD 
(Chemical vapor deposition, or thermal CVD, using an apparatus such 
as an electric furnace at a ten^erature of not lower than 600 C for 
a duration of 12 hours of longer. Thin f ilm^^^talline s.l«c^ 
semiconductor having sufficiently high ^aUty JST ^ 
excellent field effect and a high reliability, are available only 
after subjecting the amorphous film to a heat treatment for a stxll 
longer duration. 

[0003] 

[PROBLEMS THE PRESENT.; INVENTION INTENDS TO ..SOLVE] 

■.. • ■ „.K.„^o==:*as for obtaining thin films of 
However, those prxor art processes tor odc y . ^_ , 

. crystalline silicon semiconductor suffer many problems yet to be 
solved. one of the" problems ^is :the low"- throughput which increases 
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the process cost. For instance, if a duration of 24 hours is 
required for the crystallization step, 720 substrates must be 
processed at a time considering that preferably, the substrates each 
consume 2 minutes of process time.. However, the ma:<imum number of 
substrates an ordinary tubular , furnace can, treat at a time is 
limited to 50; in a ■ practical, treatment using only one apparatus 
(reaction tube) , it has been found : that a single substrate consumes 
30 minutes to complete the treatment: ' In other words, at leas t , IS- 
reaction tubes are necessary to complete the; reaction per single 
substrate in 2 minutes. This, signifies an increase in investment 
cost and; therefore an; increase, of the product price due to a - too 
large depreciation- for' the .investment . 



[0004] 



The temperature of the heat treatment is another problem to be 
considered. In general, a TFT is fabricated using a quartz glass 
substrate comprising pure silicon oxide or an alkali-free 
•borosilicate glass substrate such as the #7059 glass substrate 
-manufacture d by Co.ni :xy-Incorporated (hereinafter referred to sixr^ly 
:^-Coming #7059"). The fo rmer subst rate has such az^ excellent 
heat resistance that it can be treated xn the same manner as .n a 
conventional wafer process for semiconductor integrated c.rcuxts . 
Ho^^e^elrV it i^ ^expensiveV and. moreover, : the ' price, xncreases, 
exponentially with increasing the area of the substrate. Thus, at 
present, the use of .quartz glass substrates is limited to TFT 
integrated circuits having a, relatively small area. 

,[0-0051 

' on the other hand, aHcali-free gla.s is inexpensive as ==n^«ed. 
"to- quartz glass, , however, it has^rtoomings with^ respect to heat 
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resistance- Since an alkali-free- glass undergoes- deformation at: a 

• -ranae of from 550 to 650'C, and more, 

temperature m the range o- 

particularly, since ■ a readily available material initiates its 
defonnation at a temperature -not higher than 600'C, any heat 
treatment at 600'C causes an irreversible shrinkage and warping to 
form on the substrate. These deformations appear particularly 
distinctly on a substrate having- a diagonal length of more than; 10 
inches. Accordingly, it : is believed re,^isite to perform the heat 
treatment on a silicon semiconductor film at a temperature of SSO C ; 
or lower and for duration of within 4 hours, to reduc. the entxre 
process cost. The present.invention is ai^ed at providing a method 

. ^ w.,^ ar,^ fabricating semiconductor device ; 
of . fabricating semiconductor and CatorLcating s . 

filling said requirements. 
[OOOS] 

[MEANS TO SOLVE THE PROBLEMS] 

^. p. t invention is characterized in that it comprises 

forming an in^or coating on a substrate, exposing ^^'^ 
coatin^o r7la.ma; forming an amorphou . .illa.n ^ ^^ '^^^^ 
insulator coating after said process; and processing sa.d s.lxcon 
film: in the temperature range of .from 400 to SOO'C. - . _ 

The present invention is' further characterixed in that « 
oomprises forming an. insulator coating on a substrate; selectively 
coating said insulator film with a masking material; «^osxng sa.d 
substrate, to a. plasma,; forming an amorphous silicon on ^ 

: insulator coating after said process; processing "^--^^"^ 
■in, th. te:,,erature . range of. from 400 to 6P0-C; and selectively 
• etching said silicon film. 
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Furthermore, the present invention comprises fabricating a thxn 
ilm transistor which is characterized in that it comprises forming 
n insulator coating on a substrate; selectively coating, sa.d 
nsulator coating with a masking material; exposing said substrate 
o a plasma; forming an amorphous silicon film on; s^id insulator 
■bating after exposing the substrate to said plasma; processing saxd 
,iiicon film in the/ te:-^erature range of from 400 t. 600'C; a^d 
establishing a channel forming region of a thin film transistor from 
ie portion previously coated with the. masking material . 
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After an extensive study, the present inventors have found a 
.,ans for overcoming the aforementioned problems. The present 
inventors formed a lower insulator layer on a substrate to prevent 
impurities from intruding into the semiconductor layer from the 
substrate, and, after once exposing the insulator layer to plasma 
deposited a layer of amorphous silicon and thermally crystalUzed 
the amorphous silicon. Thus, it has been found . that a • siUcon 

■ .... depTTited ^ the resulting structure can be 

crystallized considerably easily. 

[00091 

The aforementioned findings can be explained as, follows. The 
reason why a conventional: thermal crystallization process at about 
600-C re.^ires a ; long period of time can be explained, .n one 
aspect, by the generation of ; crystal nuclei which takes- a long txme^ 
m the present specification, this period of time referred to as a 
latent period. According to the 24-hour observatxon o^^ 
~tallization process by the present inventors,; siUcon ma.nta^ 



its initial amorphous state in the initial period of six hours 
because no nucleus is formed during this period. In. the subsequent 
period of six hours,, nuclei are generated spontaneously, and this, 
step is followed by the crystallization. It can. be seen, that a 
i>r£or art process includes a latent period for. a duration of from 6 
to 12 hours in the entire process ..time. However, the nuclei thus 
•formed during . th4 . latent period .. are. highly disordered, and the 
concentration of the nuclei differs from, place to place. Thus, in 
particular regions , .. it happens that the crystallization greatly 
proceeds; . but in other regions, . substantially no crystallization is 
observed to occur. , However,, with passage of time, nucleat ion occurs 
also in those regions in which no nucleation had .been observed, or 
the .region of crystallization extends to gradually, cover the .entire 
substrate. It can be seen that a period of 12 hours or longer is 
necessary to obtain a completely crystallized siibstrate. 

[0010] 

When the base insulator film is treated with a. plasma, a 



substance which functions as a catalyst for accelerating the 
crystallization formed in the insulator fxim. -A catalyst which 
accelerates the nucleation signifies, for example/ a charge or a 
de.fect .which results from the damage caused' by the plasma, - or a 
deposit .from a material which, constitutes, the chamber or " the .■ 
substrate.. .More specifically, those from materials having a. 
catalytic effect on crystallization, such as nickel , iron, cobalt, 
and platinum,, are found to have marked effects as catalysts. The 
presence of these catalysts; facilitates nucleation and shortens the 
latent period. ; Moreover, a. larger number of crystal nuclei can be 
obtained by increasing the' amount of these catalysts. This can be 
assumed by the fact that a longer plasma treatment allows tiucleation 
to occur at a higher density and that it leads to the generation of 
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finer crystals. 



[0011] 



Another ast=ect ' to' be noticed is that the nucleation occurs in an 
extremely . uniform density. -This can be. confirmed by , observing the 

, J #™ of a c-ilicon film crystallized by the present 

lightly etched surface of a sixic9n /-j--^' jt 

mverxtion. More specif i=ally, the surface of e specimen obtained by 
deposition on aBbrphoas , silicon film on a plasma-treated substrate 
and thermally treating the resulting structure at SSO'Cfor a 
duration of 4 hours is .obser-,ed under an optical microscope,- 

\^ t.>,o i^Ve after lightl^^^ 
electron microscope, and the lilce arcer i.ig^i'- :f 

using-a fluoronitric acid. Then, it can be found that crater-like 
minute holes are formed at approximately the same spacing. These 
holes are believed attributable to the presence of materials Ixable 
to be readily etched. in other words, the etched pattern 
corresoonds to the density distribution of crystal nuclei inside^ the 
silicon film. It can be assumed that the catalyst is distributed xn 
the same manner as the density (concentration) distribu tion pattern 
of the holes. . 
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■ ' Favorable results -on the plasma treatment; can be obtained by 
performing the treatment using, a parallel-plate type plas^ 
generation apparatus. . Otherwise, the , use of ... po.xtxv. c^^ 
discharge in a ohamber- while applying a proper bias -^" ^"'^ 

favorable results. :At:^y rate, preferred results can 
by using ah electrode mad. of nickel, iron, 'or cobalt for generating 

the' plasma. . , u^at-^na 

Furthermore, the ■ Crystallisation occur, -^r. .^^^ ^ 
the substrate to a -temp^ature range of from 100 to SOC'C during 



plasma treatment, and more specifically, the substrate is preferably 
heated to a temperature of 200»C or higher . This • is because the 
catalytic substance can be • more . readily obtaiaed. at higher 



temperatures . 
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■flest results on plasma treatment can be obtained by/ generating 
the plasma in an atmosphere containing nitrogen, . oxygen, argon, 
neon, or krypton, and particularly, . when these gases are contained 
in an:amount of IG volume -by %;or.more. The gas is preferably 
diluted using hydrogen or heliuin. . M^^^^ the silicon films which 

yield' the best results ■ were found to be intrinsic or substantially 
intrinsic, and they were found to contain the foreign elements 
carbon, .oxygen, and nitrogen each at a concentration of 1 X 10t3cm-3 
or lower by known secondary ion mass spectroscopy (SIMS) . 
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The process according to the present invention comprises plasma 
treatin7"the surface of a base insulator film. However, when a_ 
substrate once subjected to plasma treatment is exposed to the 
atmosphere, dust, water, and .t her . impurities .adhere, to the surface 
to greatly impair - the crystallinity of the filja- In . other, 

words, substrates having a non-uniform characteristics result by. the- 
exposure of the substrate to the . atmosphere. Such, a problem can be 
circumvented by performing the .: film deposition and. the plasma, 
treatment in a closed system, and maintaining an environment, xn 
which the -film' deposition can be perfo^^ed continuously wxthout 
exposing the plasma- treated substrate .. to air Furthermore, 
preferably,, the surface of the substrate and the insulating coatxng 
is maintained at a sufficiently clean state. . For instance, carborr,- 
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organic, matter,, and the like , are . preferably removed from the surface 
by employing .ultraviolet irradiation., ozone treatment, or a 

combination thereof - 
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' [EMBODIMENT 1:'.: ..^ y' 

[Embodiment- li ^ A ' process ' for crystallizing a planar amorphous : 
silicon film^fbrmed on a Coming #7059 substrate is described -below. 

A 2,000A thick ;silicon oxide film was deposited: on the. substrate as 
a ■ base f ilmiVusihg;- RF sputtering. Zand ;i the resulting, silicon oxide 
f ilm : was treated^ ln nitrogen ; plasma v . A. plasma treating - apparatus 
was. of a parallel plane type as; shown schematically ..in; Fig.l. 
Nickel-alloy was utilized for electrodes. ■ 

chamber .... 11, . gas inlet system. .. 12 . ^ 

,. evacuation system... 13, RF power source. .. 14, 

electrodes 15.16/ . . substrate. ..17, 

RF plasma ... 18 
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.condition of ; the plasma .treatment was. as ,the following: . ; 

■ ^/RF power V....... -—SOW °^ 

Reactive gas.......... .-.-nitrogen. (flow rate of lOOSCCM) 

Reaction time. ... - • -5 minutes ■ . • 

Substrate temperature .... -20 O'C 
.\: ^Reaction pressure.. lOPa (where, a vacuuia degree of 10-3 

Pa . or lower is. achieved) 



.[00171 
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Then, a 1, 50 OA thick . amorphous silicon film was deposited by 
.lasma CVD,. and after removing hydrogen from the film by keeping it 
.t a temperature of ^BO'C ; for 1 hour, solid phase growth was allowed 
:o take place thereon . in. the temperature range of fr^^ 500 to . SaO'C 
:or a duration of V from 1.0 minutes to 8 hours. . 
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The above steps mky be. performed otherwise using, for exan^le, . 
in apparatus having ^ two pr more chambers' as shown in Fig. 5, so that 
:he .^steps Vcari be,;performed . continuously. . /Particularly, . the abo^e 
processes comprise' depositing.; the amorphous; silicon film after once, 
exposing the plasma-treated :silicon-oxi 

according to the present invention is : sensitive to ; the surf ace 
ronditions, and the characteristics of the resulting crystalline 
silicon film tend to be greatly influenced by the inclusions which- 
iray adhere to the surface of the substrate during its exposure to 



air. 



[0019] 



Referring briefly to the apparatus illustrated in Fig.5, yit 
comprises a. chamber .. 501 which .-is .• a., sputtering apparatus and a 
plasma is . generated 'ifey supplying electric power .to two electrodes 
(sample , holder) 502 and (a backing plate) 503 from an RF :power 
source 504. A substrate 506 , which is the . sample, and a target 50.5 
are placed on the respective electrodes . .This target in this case 
is silicon . oxide. ; > This chamber . is further . equipped with a gas 
system 507 for introducing a gas mixture comprising oxygen gas and 
argon gas, and another gas system 508 for. introducing nitrogen gas. 
Thus , a gas. .is... supplied., from .the;, former system during the depos.txon 
of the- silicon oxide film, and during the plasma treatment, the gas 
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is supplied from the latter system. 509 1= an evacuation system. . ■ 

[0020] , . 

A Chafer 521 is a parallel pla«e type P,las,na CVD apparatus . A . 
plas^na can be generated by supplying an electric power ^ J 

powe. source .524 . to two electrodes, 522 and 523 .: A sa^le substrate 
25 is counted on t.e electrode 522.. . ^ ^tr^'and 

,as -^.-cture or silane and hydro.en is provided to this charter, and ^ 
a .11. forced by plas.a reaction is ior^ed on t..e « . 

not shown in the fi^re.'a mechanise is provided to those 
:!^ers;:as;;,uch that th. substrate^ can be heated to a ^prop.r ^ 

temperature. . ■ ^ ^ ^ substrate 511 is placed, - 

: An additional chamber 510, i.n wnicn 
is provided between the two plasina chainbers . 

[0021] 

Xn a process usin, the apparatus illustrated in ^^'''^^^^ 
p..sn. treatm ent is per.or.ed i^edi_ately after the f 
silicon oxide f il. deposition usin. sputtering in the chafer 1^ 
by replacing the atmosphere inside the cha^^er with 
silicon, oxide target should regain inside the cha:^er, .urthe^ 
: .sposition silicon .xide .il» by sputtering. ^ ^^^^ 

this fro. occurring, the RT .power n.st be lowered «'«^."^" 
oxide target ™.st be isolated fro. the plas.a. :^^^^'J\ 
described hereinafter. plas.a treat.ent, is perfor.ed -^^^^^^^^^ 
power of 60W or lower, and preferably, at a power of 20W,^^. 
^.ared With an ^ Power of lOOW or ^ 2. 

Accordingly, no deposition s^^'^^ ^^"^ , 
treatment; in nitrogen Plas.a, - ^-^'^^ "^''^ f//,"! is 
however, a cha»^erT3F depositing the silxcon ox.de fU:. 
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preferably installed separately from, the chamber for use in plasma 
treatment.. An amorphous silicon film thus deposited was also 
subjected to solid-phase crystallization under the same conditions 
described hereinbefore. -. > ■ 



[0022] ; 

■ After allowing the amorphous. silicon film to undergo solid phase - 
crystal growth, the degree of crystallisation thereof was evaluated 
using Ar*-laser Raman spectroscopy. . The results are shown in Figs. 6 
and: ?. :The ordinate in both, of the graphs represents relative- 
intensity taking the,Raman peak intensity of a standard sample , (a 
single crystal silicon) as unity.. It can be read from the graphs, 
that no crystallization occurs by heat treating a sample without, 
plasma treatment at 58 0»C or lower for a duration of 8 hours or 
less, in contrast to this, both of the samples plasma-treated at . an 
RF power of 20W and SOW are found to undergo crystallization. 



[0023] 



^th Careful inspection of the . results, it can be seen thaE" 
the crystallization proceeds as a function of the RF ppwer. More 
specifically, the. crystallization proceeds., rather, sluggishly under a 
low power (20W) . At. least an annealing for a duration of 1 hour . xs 
necessary to crystallize the amorphous silicon film at 550'C. In 
other words, the. latent period is . 1 hour . However, after the 
passage of an hour, the crystallization proceeds swiftly to attain a 
saturated state within .2. hours of annealing. By- conrparing the Raman 
■ peak intensity, : it can .be se^ that a crystallization degree- well 
comparable with that of a standard sample, i.e., a single crystal 
silicon, is achieved for the sample after the annealing of 2 hours. 
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in contrast to the case, above, crystallizatio,. proceeds 
relatively swiftly under a, high: ,RF . power (SOW) . For example, an, 
annealing" for 4 hours allows the amorphous silicon film to 
crystallize at a temperature as low as 480^, and by increasing;, the 
temperature to- 550'C. an . annealing for a duration of mere 10 minutes 

(i e a latent period of 10 minutes) initiates crystallization and; 
achieves a saturated ' state in an hour. However, the degree of 
crystallization is low, and the Saman intensity only corresponds to 

less :th«> 70% ;o£' that obtained; for a : silicon -f ilm /crystallized under 

a low power (20W) . 
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This difference can be explained in terms of the nucleation 
density. That is, nuclei are generated at a low density when the , 
plasma treatment is applied under a low power condition,, because the 
concentration of the catalytic substance is low. T''- ■ /'^^ 
crystall±zation^f these nuclei re^aires a treatment at a ^ hxgh 
■^mperature and a lohg duration. However, the resulting 



crystallites have high crystallinity and yield a high Raman 
intensity ratio. on the other, hand, catalytic substances jr. 
generated at a high concentration by applying a plasma treatment - 
under a condition .of , high power, . Since nucleation occurs at h.gh 
density, crystallization, occurs relatively .easily. 
nuclei interfere each other during their growth, and the f.lm whxch,. 
is obtained as a result has a poor crystallinity. , . ^-^^ 
At any rate, the application * plasma treatment enables 
crystallization to ta>ce place at a low temperature and w.th^^ 
Short period of time , as centered with the case w.th no pla^ 
treatment. Obviously, the crystallization at a low temperature and 
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in a short period of time is achieved by applying a plasma 
treatment. In the present Embodiment, the . concentration, of the 
catalytic substance- was controlled by controlling the RF power, 
however, 'other factors, such as. the' pressure applied during the. 
plasma treatment, . the type and the .component of gas, the temperature - 
of the sample, - and . the duration , of processing, are all important 
factors- • f9r :VcQntrolling^;e^^ °f .^^^ catalytic . 

substance.,.' . 

, '[00261 ,., '■■ 

[ Embodiment 2 ] 

A process for selectively crystallizing by selectively treating 
the base oxide film using , a plasma treatment is described below. 
Referring to Fig. 2, a 2 ,000A, thick silicon oxide film 22 was 
deposited as a base on a Coming #7059 substrate 21 by sputtering, 
and a heat-resistant, photoresist 24 was applied thereon by . spin- 
coating. . After patterning the resulting photoresist film . 24, the 

■ entire substrate was exposed to nitrogen plasma in the same manner 
.as in_JmhMisagSt 1 to . perfo-^^ plasma treatment ..on the exposed. 
. portion 23, . of.; the oxide ' film .base. . The .plasma - treatment . was;. 

■ effected .under the same conditions , as ^ those employed; in Embodiment . 
i: /except^ for 'setting- tke Ri^^^^^^ 60W-'.. thus,.^as. obtained a 
structure shown, in Fig. 2(A) . 

..- [0027] -. 

Since the substrate at this point is heated to a- temperature of 
200OC or higher, the masking material to be used herein must, at 
least resist to the same temperature. Furthermore, preferably, tlie 
masking material is removable without using a plasma. Thus, the use 
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of a heat-resistant photoresist for the mask is preferred from these 
points of view. Other-A^ise, . inorganic materials such as titanium 
nitride, silicon oxide, and silicon nitride can be used as well. 

[0028] ■ . 

^ . : Subsequently, an annealing a of 4 hours is, 

performed after depositing a 1, 500 A thick .'.amorphous silicon film 25. 
by - low pressure , CVD. As a result,' crystalline silicon 26 was 
observed to be formed around the. portions remained uncovered- by the 
: masking material ; on .plasma ' treatment, before. The crystallization 
■extended into ■portions . covered by .the -masking material (but .only . 
portions treated ^ by -the . plasma) for .. about 5 nm - along . the, 
longitudinal direction. No crystallization was observed to occur- on 
other portions covered by the masking material. 

[00291 

Noticeably, the crystallinity for the peripheral port ions at^a 
distance of 5 from those plasma- treated portions was betcer ch^ 
that of the portions subjected to plasma_treatmeni^. In the former, 
the crystallites initiate growth from a plurality of .independent 
nuclei, and that .then they collide with .each other to interfere 
their growth. , on the o.ther hknd,, the" latter contain no nucleus, and 
., the direction of crystal growth is confined to a single direction, 
it. can be seen that the crystal growth is allowed to take place 
without any limitations. 



[0030] 
[Embodiment 3] 
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, ' A process for fabricating a TFT having particularly high 
mobility by selectively perfonning a plasma . treatment is described 
below More specifically, the masking material, was formed only on a 
portion for fabricating a channel forming region (i.e. , a region 
located under the gate'electrode and between a source and a drain in 
an- island-like: semiconductor - region) ■ of a TFT.: to- prevent this 
:portion, -from ; being ^ Vexpo^ed /to plasma. / . However. since 
crystallization proceeds/ though . depending: on the annealing 
i temperature. and-duration,: in a region from several micrometers to 
' t«i micrometers in size as ' described in the -foregoing Embodiment,: 2, 
: this ■■process Vis device having to. long a . channel 

^length and too wide a chaiinel width. ^ 



[0031] 



in the plasma treatment/ the surf ace of : the silicon oxide base 
is subject to defects due to the impact exerted by the plasma. 
Moreover, various types of foreign matter adhere to the surface. A 
part of these defects and foreign matter functions as a catalyst to 
accelerate nucleation, however, it also may cause leak cu^^e^f . it 
is f^d in the channel forming region of a TFT. Furthermore,^:^ 
having/high mobility can be obtained only by using semiconductors of- 
high crystallinity.' Thus, by referring to Embodiment 2 above, the 
peripheral portions are preferred to; the plasma treated portions xn 
:this case. Referring to Fig.3,: the process according to the present, 
embodiment is described: below. 

[0032] 

- A 2,000A thick silicon oxide film 31 was deposited, as a base on 
a corning #7059 substrate 30 by. sputtering, and -a heat-resistant 
photoresist was applied thereon' to form m^iks; 32A- ahd" 3 2B each -at 
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, . ■ c Mm V 15 inn Otherwise, the 
the same size as. the channel, x.e., 5 x 15 Hm. O 

J hH« oatterning for the gate connection, 

mask can be patterned using the, patterning, a b,th 

hecause. as described hereinafter,, the effect is the same for both 

considering the. ■ amorphous • siUcon . fil.. The resulting subs trate^as 

placed into a Plasma- 33 to perform the plasma treatment as sho^ in 

Pig 3(A) The same Plasma. -.treating apparatus as^ that ■ used, m 

' -^.^d ■ The process, condition is as: the -following:: . 

■ Embodiment 1 was used.. . T^^ 

RF power : . ^'^^ ' ■ . , 

nitrogen (flow rate of lOOSCGM) 
Reactive gas nn-i^y v 

K-;™^ . 5 minutes 

Reaction time . . 

■ Substrate tentperature ^OO'C 

inpa (a vacuum degree of 10-3 Pa or 
. Reaction pressure .. . . ^^^^ ■ - . 

■.■ .. ..lower; is- achieved) / 



[0033] 

^^^^ 32. and 32B „ere, re:no.^ after the plas:^ txea^-.^ 
ana a l.=O0A tMcK amorphous silicon fil:. was depcs.ted -h-on^^ 
' /ciw ^ as the material gas. 

low pressure CVP using monosilane (SiHj as tn . ^ 

~ ^^^^ ah crsQ^'C for a duration of 4 

Su^se^ently, a^Un, was = " « ^ ,,.3 c^s. aUi.e^ fil~ 

.ours — -^^-^-/^^r^^^Ji^.J—^ana 3.B, and 
was patterned to form : island-lilce siiico ' v,^4rio 

^s was fcllcwed .y.:*he deposition of a X.OCOA .hie. s^.con o..d^ 
ri»3=.yPlas-^C-:-sin,..«« 

r^terL .ases. . .f.e. depositing an K-t^e -^Vsii^con ^ 

\.. CVD the resulting structure was subject e<l 
low pressure CVD, tae f« and 36B 

• ■>« form a gate connection- electrodes 36A and 
patterning to. £orm a 

v;{Fig.3.(B).) .■ ; 
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;:.Uen/i:^ity,dopin;was-perfor^d usinTSI^^ -opi- ^ - 
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this case, phosphiiie .(PH3) and ..diborane (B^H,) were used as the N- 
type and P-type impurity sources, respectively. Phosphine was. doped 
by applying an accelerating voltage of 80keV., and diborane was doped 
under a voltage; of 65keV. The impurity region 3 7 was formed, by • 
further annealing : the structure at 550-C for 4 hours to activate the 
iinpurities. This activation- can be performed, by a method using an . 
oE,ticai: energy,: such as, las^r,;^^ and . flash lamp annealing 

(Fig.S (C) )•• . .. 

; .[0035] -. . • 

^ - filially, a^ 5 . 00 oA^^thick .silicon oxide eilm/ was deposited as. an. 

'interiayer insulator- 38 in the ' same manner : as in an ordinary; process 
for fabricating a TFT. By forming contact holes, 

connection- contacts 39A and 39B were formed in the source region and 

the drain region (Fig.3{D)). 

. The. final structure of the TFT circuit as viewed from the upper 
side is given in Fig. 3 (E) . The cross section views in Figs . 3(A) to 
3(D) are taken along the dash ed line d rawn in Fig. 3 (E) . The TFT 
thus obtained was. found to have_a field-effect mobility of from 40 
to 60 cmVVs in the N^channel-^e, and of from 30. to 50 cn^^Vs^ 
the P-channel type. 

. [Embodiment 4] 

' This embodiment is a process for fabricating an alumlixum-gate 
Trr- according to the present invention. Fig.4, shows the process of 

tilis embodiment . 

A base film 41 (2, OOOi thickness) of silicon oxide is £°rmed on 
a substrate (Coming 7059) 40 by sputtering. The substrate was 
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exposed to plasma 42 , and plasma traaCment was perfonned as shown in 
Fig. 4(A). . The plasma creatmenC apparatus utilized was the same 
apparatus as that of Embodiment 1. Process condition, was as the 
fallowing: . 

■ RF power 20W , 

Reactive gas . : argon ( flow rate of 10 OSCCM) 

■ ', Reaction time . - 5 minutes 

Substrate temperature 200''C 
, : Reaction. pressure lo Pa (a vacuum degree of 10-3 pa or 

lower is achieved) 



■ [0037] ^ : ^ 

Then, a 1,50.0A thick amorphous silicon film . 43 was . deposited 
thereon by "low pressure CVD using monosilane (SiH,). as the material 
gas. subsequently, annealing was effected at 550»C for a duration 
of 4 hours to allow the film to crystallize. (Fig. 4(B)) 

The thus crystallized film was patterned to. form an is land- like 
-iriicon region .44, and this was followed by the deposition of a 



1, 000A thick sili con oxide fi^ 45_by . plasma CVD using 
tetraethoxysilane (TEOS) and oxygen - as the .material gases . After 
depositing a 5,000A thick aluminum film containing 1% of silicon by 
sputtering, / th^ aluminum f ilm ,was , :;patteSned - to .■ form' a gate 
connection -contact 46. (Fig. 4(C)) 



[0038] 



subsequently, tlie substrate was subjected to anodic oxidation by. 
dipping it into an ; ethylene glycol solution containing 3% ,o , 
tartaric 'acid and applying current between , a platinum cathode ..and 
the alumn^i^nnection 46 (anode),.. The current was applied .n- such 
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t manner chat the voltage thereof would increase in the ina.tial 
•tate at a rate o£ 2 V/n,inute. and that a constant voltage is 
«intained after a voltage o£ 220V is attained. The current was 
-urned off at the point the; current dropped to 10 JlA/mV or lower. 
Chus was obtained a 2,000i thick anodic oxide 47 as shown in 



rig. 4(D) 
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Then, impurities were intro<iu=ed using pi aima doping. In thxs 
cise, phosphine: ^PH3) :and mboran,., (B,H., was used as the N-t:^e and 
P-^ype,^ :respectively; .; ^ ^ Accelerating voltage was , 80 , keV , for 
phosphine; and -65 kev £or::diborane; The impurity region 43 jas 
forraed by further laser annealing the structure applying S shots 
using a Krr »ccimer laser operating ^ at a wavelength of 248. nm and 
emitting a laser be^ at an energy density of from 2.0 to 300 mJ/cm^. 
The resulting structure is shown in Fig. 4(E). 



[00401 



" Finally, a S.OOOA thiclc silicon oxid e fita was ; dep^ited as an 
interlayer insulator 49 in the same manner as in an ordinary process 
for fabricating a TFT. By for^ng contact holes in the resulting 

: siliSmde^ £il«; : connection • contacts 50A aid.SOB Vera £pr».d ■ m 
the source region and. the drain region (Fig.3(F)) . 
. The TFT thus Obtained was found to have a field-effect mobility 

:of from -40 to .60 onVVs in the>-channel type, and of from 30 to^^^ 
cmvvs in the .-channel type. ^'-^^-^^ . ^■''^'^:^[ 
fabricated using this TFT was observed to operate at ^ 
drain voltage of 17V. and at 11 MHz with a. drain voltage of 2qv.. , 



[0041] 
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CEFFECT OF THE PRESENT mV-ENTIom 

AS described 1.1 cha tpresoing, tha present invention is epoch- 
asking in that it enables, the crystalUration of an amorphous 
silicon to take place at an even lower temperature and wxthm a 
shorter period ot time. . Furthermore, the process according to the 
present invention is suitable .for mass production, and yet, it can 
be performed employing the : most commonly used equipments, 

apparatuses, >>d methods .V . Acco-^^^ a promising and a 

beneficial process for the electronic industry. 

More specifically, for instance, a conventional solid phase 
growth process requires an annealing step for a duration of at least 
24 hours. considering that the process time per substrate « 
preferably 2 minutes, 15 annealing furnaces are necessary to make 
the process practically feasible. However, the present invention 
allows the process to con^lete within s hours, and under optimal 
renditions, the process can be even more, shortened to a mere 4 hours_ 
or less" This signifies : that the process can be perf ormed^il^ 
reducing the number of .fuma«s. to only a sixth or less of the above 
calculated hu^er.: : .This leads to , an increase of productivity and 
■ the cutting down of equipment investment, thereby lowering the 
process cost of the substrates. Accordingly, economical TFTs can be 
produced, and this might call novel demands. Conclusively.; the 
present invention is greatly beneficial for the. industry. , 

.[BRIEF EXPLftNATION OF FIGORES] 

-,«-p^=ir-ahii<5 for performing a process 
[Fig.ll This shows an apparatus tor per 
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according to an embodiment 
Embodiment 1) 



if the present invention. 



(see 



[Fig-2] This, shows process of Embodiment: 2 
crystallization) 



( selective 



[Fig . 3 1, ^ ; This; • shows a £13^^^ ' °^ manufacturing process of. TFT 
according to ' Enfcodimen^ 3; (cross section) . ■ .:; 

. : CFig,4] this' shows a figure; of 'manufacturing process of TFT 
. according to-Embodimeht, 4 (cros section):.,; ^ . 

" tFig-S] - This:;.s^^ embodying, the 

present invention Tsee Embodiment 1) ; 

tFig 6] This shows the change of Raman scattering intensity ratio 
with the duration of annealing observed on a silicon filxa obtained 
EnO^odiment l/ in which the intensity ratio signifies the rel.txve 
intensity taking the Raman scattering intensity of a standard sa::^le 
(single crystal silicon) as unity. 



— C^ZTV] This shows the change of Raman scattering intensity rat. o 
with changing ten^erature of pealing . observed on - a silicon fxlm 
'obtained in Ex^odiment 1, ; in' which the intensity ratio signxf .es^^the 
..relative Intensity talcing the Raman ..scattering intensity, o f . a 
standard sample .(single crystal silicon), as un^ 



[Explanation of marks] 

11. . .chamber 
13 . . .evacuation system 
"is , 16 . . . electrode 



12. . .gas inlet system 
14. . .RF power souxce 
17 . . . substrate (sample) 
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18. . -RF plasma - ' 

22 base silicon oxide film 

21. . .substrate . 

23 . - .plasma treated surface 24 . . .mask material • 

• , . P^im -PS crystallized silicon film. 
25. . .amorphous, silicon film 25 . . .crys^-dx 

27." ..non-crystallized silicon, film , 

31' base silicon oxide film 
30 . . vsxibstrate . ... 

■ 32. . . mask material ' : : • ^ ;". 33 - /.plasma ; - . . . . . 

. -je ' insulating film, (silicon 

34.. .crystal silicon region 35;. . .gate .^xnsuiaci g 

oxide)' ■ 

3 6... gate electrode -(N silicon) . : 

} 37 V: .in^jurity region (source, .drain) 

' ■ ■■ 10 . source electrode 

• 33. .. inter layer insulator . ■ 3- . • -soujr , 

drain >lectrode . 

41 base silicon oxide film 
40 . . .sxibstrate . . . 

43 ..amorphous silicon region 
42... plasma _ ^ ^^^^^^ film (silicon 

44... crystal silicon region 45... gate insuiati g 

oxide) 

46. . .gate electrode (aluminum) 

47. . .anodic oxide (aluminum oxide) 

48 . . - impurity region ( source , drain} 



49 interlayer insulator 50 . . . sou^ electrode 

drain electrode ^ 

■501. . .sputter =h:a..*er . .ela=tr,ae(sa^la side) 

503 . . .electrode (target side) 504. . .RF. power source 
505...\target ^ 506. .. senile (substrate) . 

-507. ..gas: ,o=cy,«>/«) .system 503. ..gas (nitrogen, syst^. 

510 .. additional chamber 
509. . .evacuation system . 5iu...a. 

, . , q-?! olasma CVD chamber 

511. ...sample (substirate) . 521, . -Piasma . 

: \ A r «;,TnBle side) 523 . . .electrode countering) 
522. ..electrode (sample siae; 

' 525. . .sait^jle (substrate) 
524. . .RF source ^ . . ■ .. - 

52S.. . .gas. (silane/.tydr^o^^ 
527. ..evacuation system ----- 

IS 



[Ni^' OF DOCtJMENTl .:--^^ 

CA3STRACT1 crvs tall i rat ion time by lowering , 
are provided, 

■ base' insulacing f ilm- V 

siiicca oxide f 11^. . ^^^ a. a^o^hous silicon 

base i.s.la.in. ^ .,U.ed a. .50 « .OCC. ; 

P condoned:: by , :seiec.i.ely e>cposin, 

azaorphous silicon to a pla ^ ■ thereto. . A 

.^stance — ^^-"-'^TS. ^rlnsitr usi., ..e sa.e. is 
process for fabricating a thin 

also disclosed. 
[SELECTED FIGURE! Fig. 3- 
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